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Why Interferometry?
• Initial State Geometry of Heavy-Ion collisions is calculated from 

nuclear geometry.   Nuclear overlap: Npart, Nbinary, Initial Volume, 
Eccentricity

• Experimentally, we measure particle momentum distributions.

• Theoretical models use these experimental measures to validate a 
description of the evolution from some initial state geometry to a 
final state momentum distribution. 

• Femtoscopy measures space-time evolution of the system at 
kinetic freeze-out and further constrains these models.

• Describing the HBT source dimensions at freeze-out has been a 
challenge for full hydrodynamic calculations. 
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HBT Introduction
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Quantum statistical correlation 

! Hanbury Brown & Richard Twiss

" Derived the angular diameter of stars from two photon correlation (early 
‘1950s)

! Goldhaber, Goldhaber, Lee, Pais

" Applied to nucleon-nucleon collision (1960).

" Symmetric property of wave-function of Boson (or asymmetry of Fermion)

(q=p1-p2)
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Quantum Statistical Correlation
Wave-Function of Identical Bosons must be symmetrized.

Enhancement of Pair Production at small relative momentum.
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HBT in Heavy-Ions

Rside Rout

Beam axis
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C2(!q) = (1−λ)+λexp
[
−R2

sideq2
side−R2

outq
2
out−R2

longq2
long−R2

soqsideqout

]
KCoul(qinv)

Fraction of Chaotic Emission
Coulomb Interaction

Halo of long lived resonances

Phys. Lett. B270,69 (1991) Phys. Lett. B432,249 (1998)
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Azimuthal HBT

In-Plane
Observer

Rside Rout

Φ= 0˚

Out-of-Plane 
Observer

Rside Rout

Φ= 90˚

[1] U. Heinz, A. Hummel, M. A. Lisa, and U. A. Wiedemann. Symmetry constraints for the emission angle
dependence of hanbury–brown-twiss radii. Physical Review C (Nuclear Physics), 66(4):044903, 2002.

Reaction Plane

ε =
〈y2〉−〈x2〉
〈y2〉+ 〈x2〉 ≈

2R2
s,2

R2
s,0

5

Pairs Boosted
LCMS (pz,1=-pz,2)

Pair Ordering
(pz,2 > pz,1)

Heinz et al. PRC66,044903(2002)

Rμ2(Φ) = Rμ,02 + Rμ,n2 cos(nΦ)

Rso2(Φ) = Rso,02 + Rso,n2 sin(nΦ)
Ros,2=0   Ros,2>0

Rs,22>0

{μ=s,o,l}

Ro,22<0
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PHENIX Detector
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2.5 Centrality Measurement

The BBC charge sum has a monotonic correlation with collision centrality. In
the offline analysis, the combined information on spectator neutrons measured
by the ZDC placed 18 m from the beam crossing point and the charged sum
information measured by the BBC is used to define the collision centrality.
The correlation between the BBC and ZDC measurements is shown in Fig. 6.
The lines shown in Fig. 6 bin the events with centrality beginning on the far
right with the 0-5% bin and going to the left at intervals of 5% up to 50%.
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Fig. 6. Correlation between BBC charge sum and energy deposit in ZDC. The
lines define bins containing intervals covering 5% centrality. The bin to the far
right represents events ranging from 0 to 5% centrality. The central line shown in
the figure is the centroid of the BBC-ZDC distribution with the lines defining the
centrality bins drawn perpendicular to it.

2.6 Performance

The BBC is fully implemented and installed in the PHENIX detector complex.
The performance of the BBC was evaluated using

√
sNN = 130 GeV Au-

Au collisions and the arrival time of secondary particles generated by beam
interactions, which travel nearly at the speed of light. The collision time (T0)
is defined from the average arrival time for the two BBC counters. The timing
difference between each counter provides the ZVTX along the beam axis.

All the detector elements and readout electronic channels worked well during
the first year of RHIC operation. The timing achieved for a single element was
52 ± 4 ps. The BBC is used as a start counter for the ToF measurement and
a ToF resolution of 96 ps was obtained. The collision vertex determined by
the BBC is used not only for offline analysis but also for the LVL1 trigger to
limit the vertex position. Combined information from the BBC and ZDC is
used to define the collision centrality in the offline analysis.
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Reaction plane method in PHENIX

• R.P. determination @ BBC
– |!| = 3 – 4, Full azimuthal

coverage.

– 3 unit rapidity away from mid-
rapidity.

• Expect to reduce non-flow 
contribution

• For improvement of flow 
measurement
– MVD (|!| = 1 – 3)

– R.P. @ Beam rapidity (SMD, 
FCL)

• Help to v1 measurement

• Sensitivity to non-flow 
contribution

Non flow (azimuthal correlation not related to R.P.)

ex. Resonance decay, jets etc …

tan2ΦRP = ∑nch sin2φPMT
∑nchcos2φPMT

BBC Reaction Plane
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Analysis Overview

7

~500M  Minimum Bias Au+Au √sNN=200GeV  

Tracks Selection:
	 Good track quality, detector matching
 Pion Identification 2σ
 Kaon Rejection 2σ
Pair Selection: Exclude track pairs within 
inefficient regions of Drift Chamber and EMCal

C2(!q,φpair) =
A(!q,φpair)
M(!q,φpair)

Two-Particle Like-Sign Pion Correlation

Event Mixing

ZVtx 60 bins (-30, 30)

Centrality 10% (10-20%)

Reaction Plane 30 bins

Two-Track Cuts Cut

Distance EMC > 16 cm

DC dPhi Cut (dz < 6cm) 0.06 rad

DC dPhi Cut (dz > 6 cm) 0.03 rad

Ghosting ( -1 cm < dz <0 ) 
 && dphi < 0.04

Singles Cuts Cut

Track Quality 31 || 63

PC3 Matching 3σ

EMC Matching 2σ

EMC ToF < 60 ns

PID nPion < 2σ  nKaon > 2σ

EMC West

Centrality Pairs (qinv < 50 MeV)

10 - 20 % 47M

20 - 30 % 24 M 

30 - 40 % 12M

40 - 60 % 5.4MReaction Plane Correction Applied to A & M
Heinz et al. PRC66,044903(2002) Centrality √(2<cos 2 ϕN - ϕS>)

10-20 % 0.37

20-30 % 0.41

30-40 % 0.38

40-60 % 0.29

Fit the C2 of 4 Centralities for 8 Azimuthal bins.

Actual Pairs
Event Mixing
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3D Correlations

In-Plane

Out of Plane

● Correlation
● Sinyukov Fit
● Coulomb Weights
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Azimuthal Dependence
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Traditional HBT Comparison
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Quantitative agreement with Run2 traditional HBT results.
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Azimuthal Oscillations in Radii
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Eccentricity Final State vs Initial

initial
!

0 0.1 0.2 0.3 0.4

fi
n

a
l

!

0

0.2

0.4
PHENIX Preliminary

initial
!

0 0.1 0.2 0.3 0.4

fi
n

a
l

!

0

0.2

0.4
PHENIX Preliminary

• PHENIX Preliminary
☆  STAR  PRL93,012301

ε≈2Rs,2/Rs,0
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Summary and Conclusions
• PHENIX has measured azimuthal dependence of HBT Radii of the 

Pion emitting source in Au+Au collisions at √sNN = 200 GeV

• We observe expected even oscillations in Rside and Rout

• We observe expected odd oscillations in Rso.

• We also observe even oscillations in Rlong. T. Hirano (NPA743('04)305)

• Eccentricity measurements are consistent with STAR result.

• Quantitative comparisons with models will require reduced statistical 
and systematic errors

• 2 x more statistics to be analyzed.

• Better understanding of Two-Track efficiencies will reduced 
systematic errors.

• Explore kT dependence.
13
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